Carbon structure change
The Raman spectra of CNF-PdCl 2 , after one second thermal shock, and after a long time heating are compared in Fig. S2a . The Raman disorder peak (D) is greatly suppressed and the graphitic peak (G) becomes sharp after long time heating, showing a further carbonization of CNF matrix under high temperature. In contrast, after one second thermal shock, there is no obvious change in the Raman peaks, namely the carbon bond structures maintain similar distribution of sp2 and sp3 carbon after one second shock. Similarly, Fig. S2b shows that the X-ray diffraction spectra of CNF-PdCl 2 changed significantly after long time heating and varied a little after one second thermal shock, again indicating minimum impact of rapid thermal shock on the substrate. Figure S3 shows the XPS analysis of Pd/CNF. The carbon, oxygen in CNFs is clearly revealed by the sharp peaks in XPS whole spectrum scan. Also, there are Pd peaks but absent of Cl peak around 200 eV, namely the PdCl 2 is totally decomposed into Pd nanoparticles. The Pd element spans a range of 330-345 eV (Fig. S3b) and clearly Pd is in metal 3d state. Figure S3 . XPS analysis of (a) Pd/CNF composite and (b) the metallic Pd 3d state.
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Disordered structures
In wet chemistry, Pd seeds or nanoparticles with size smaller than 10 nm forms twins and thus icosahedral or dodecahedral structures to minimize the surface energy. However, in our case, the nanoparticles can be large while still forms disordered twin boundaries (TBs) and stacking faults (SFs) despite the high stacking fault energy of Pd (Fig. S4) . We have verified clear TBs and SFs in Pd nanoparticles larger than 10 nm (15 nm and 30 nm nanoparticles below) but in disordered form. to different temperatures for thermal shock and the relationship between temperature and the driven current is plotted in Fig. S6c . From that we can infer the temperature of thermal shock at 100 mA, 50 mA and 20mA is around 2000 K, 1700 K, and 1300 K, respectively. In contrast with time variation which can cause large differences in particle size distributions, the nanoparticles formed at different thermal shock temperature have a small variation in size distribution: as thermal shock changed from 100 mA to 50 mA to 20 mA, the average particles size changes from 27 nm to 21 nm to 19.7 nm. 
